; these chimpanzees provided an opportunity to examine serum and urine antibodies elicited by a chronic viral infection of the urinary tract in a primate closely related to humans.
Many viral infections are known to involve the urinary tract (28), and viral infections have been proposed as possible primary or predisposing causes of chronic renal diseases (11) . However, little is known of immune responses to viral infections of the urinary tract. Some captive chimpanzees have naturally occurring chronic intermittent viruria with an adenovirus designated Pan 11 (2); these chimpanzees provided an opportunity to examine serum and urine antibodies elicited by a chronic viral infection of the urinary tract in a primate closely related to humans.
MATERIALS AND METHODS
Specimens. Urine specimens were obtained aseptically by bladder puncture from five male and five female healthy chimpanzees (1). Urines were concentrated 50-to 100-fold, depending on the original volume, by ultrafiltration in stirred cells (17) (models 202 and 402, Amicon Corp., Lexington, Mass.) through membranes that retained globulin molecules (Amicon PM30); some very small volumes were concentrated in disposable cells with similar membranes (Amicon Minicon A25). Urines were stored frozen at -20'C before and after concentration. Concentrated urines were resterilized for neutralization tests by filtration through cellulose membranes of average pore size of (5, 24) , the type specificity of urinary antibodies was tested by neutralization. Neutralizing activity against Pan 11 was found in concentrated urines of six of eight animals tested. Titers of neutralizing activity in the concentrated urines were low, ranging from 1:1 to 1:8. The geometric mean titer of the six positive urines was 3.6. When additional urines from several of the same animus were tested again, urine of one of the previously negative animals neutralized Pan 11 virus, whereas urine of the other animal remained negative.
To exclude the possibility that the inactivation of adenovirus by concentrated urine might not be due to specific antibody, six specimens were examined for neutralizing activity against another chimpanzee adenovirus, Pan 9. As shown in Table 2 , none of six urines neutralized Pan 9, whereas five neutralized Pan 11. Sera of all animals had neutralizing antibodies to both adenoviruses; titers of antibodies to Pan 9 virus were somewhat lower than those to Pan 11 virus in all sera except one. Cytomegalovirus (CMV) has not yet been isolated from urine, saliva, or tissues of chimpanzees (2), but the presence of serum IgG antibodies reactive by immunofluorescence with simian CMV indicates that infection with a related virus must occur frequently. Simian CMV has a distant antigenic relation to human CMV by indirect immunofluorescence (10) . The titers of IgG antibodies to rhesus CMV in sera and urines of six chimpanzees were compared with titers to Pan 11 adenovirus in the same specimens ( (7, 26) . Traces of IgE have also been detected in normal human urine (25), but were not searched for in our specimens.
The urinary antibodies were probably locally produced in the urinary tract or nearby lymphoid tissues and secreted into the urine of chimpanzees. Unequivocal evidence for local synthesis of antibodies would have been the finding of virus-specific 11s IgA in the urine and higher antibody titers in urine than in serum. We could not determine the type of urinary IgA, and antibody titers were much lower in urine than those in serum. However, had they entered the urine from the general circulation, titers of antibodies in urine should have correlated with those in serum; no such correlations were found for neutralizing antibodies to two chimpanzee adenoviruses or for antibodies to adenovirus or CMV by immunofluorescence. (25) . In animals with experimental infections, virtually the entire urinary tract, including kidneys (19) , bladder wall, and pelvic lymph nodes (27) , secreted antibacterial antibodies, mostly IgG with smaller amounts of IgA and, somewhat later, IgM (9, 20) . The human urinary tract seems to respond similarly to bacterial infections (12, 16 LITERATURE CITED
